

















































































































































































































The Central and West Asia and North Africa  (CWANA)  region which  includes  the Middle East and North 
Africa (MENA) ‐ Desert Ecosystems and Livelihoods Programme (DELP) study region constitutes the largest 
contiguous area of drylands in the world. In these drylands, characterized by harsh climatic conditions and 
water scarcity,  it  is especially difficult to derive benefits from  land without degrading resources. Not only 
inadequate  water  poses  so  called  ‘natural’  challenge  but  also  soil  erosion  by  wind  and  water,  soil 
salinization and  loss of soil fertility. The more  ‘human angled’ challenges can be grouped  into three main 
‘types’:  institutional and policy  (land and water use  rights,  law enforcement),  the economic and  financial 




more  and more  recognized  as  the  key  to  developing  food  security,  decreasing  poverty  and  impacts  of 
climate  variability/  change  in  the  dryland.  SLM’s  key  principles  are  the  productivity  and  protection  of 
natural  resources,  coupled  with  economic  viability,  and  social  acceptability.  Land  productivity  can  be 
increased by improving 1) water productivity and water use efficiency on rainfed and irrigated land (e.g. in 






encountered  in  Algeria,  Egypt,  Jordan,  Morocco  and  Tunisia,  followed  by  an  overview  of  suitable  and 
potential strategies and principles to improve agricultural production and livelihoods in desert ecosystems, 




and  local products as well as ecotourism are  in trend  in the dry and desert ecosystems. However, proven 
practices do not miss out. In all countries breeding to more productive and drought/ disease resistant crops 
as well as conversion to higher value crops such as olives, figs and almond are practiced. In rainfed regions 
of  Jordan, Tunisia and Morocco water harvesting  is and option which  is  still underutilized. Egypt on  the 
other hand relies mainly on  improvements  in  irrigation systems and  irrigation water management. Jordan 
where  agro‐silvopastoralism  and  livestock  is  key,  improved  rangeland  management,  fodder  and  forage 
quantity and quality, livestock breeding, health and management are in the foreground.  
In  the  region  a  shift  towards  more  community  based  and  participatory  approaches  can  be  observed, 









There  is  still  a  rich  untapped  SLM  diversity  which  remains  scattered  and  localized  and  is  not  readily 
available to  land users, those who advise them, or planners and decision makers. Furthermore traditional 
land use  systems and  local  land management  innovations are  rarely documented and assessed  for  their 
effectiveness.  Therefore  a  more  extensive  and  comprehensive  survey  is  still  needed.  Standardized 
documentation and analysis of SLM practice data will furthermore shed extra  light on what works where, 
what does not work and why and which practices are already spreading and which have the potential to 
spread  and  be  transferred  to  other  regions.  Hence,  each  region  with  its  specific  natural  and  human 
characteristics, threats and constraints has unlocked potentials to be developed sustainably. 
Many  of  the  answers  to  the  problems  faced  by  people  in  drylands  regions  exist  today.  But  practices 
(technologies as well as approaches) need scaling‐up – through experience sharing and training, awareness 
raising and advocacy  to decision makers  in countries and development agencies, knowledge  sharing and 
evidence  based  decision  making.  But  none  of  this  can  happen  without  an  enabling  environment  ‐ 
comprising  political,  legal  and  institutional  frameworks,  access  to  land  and  water,  markets  and  inputs, 
financial support, improving access to knowledge and capacity building, ‐ to ensure that the most effective 
innovations are put into action and that long term funding and investment is available.  
In  conclusion  up‐scaling  good/  best  practices  must  be  profitable  for  users  and  local  communities,  and 
technologies must be as  simple and  inexpensive as possible and easily manageable. Without  security of 
land tenure, water rights and access to markets, land users remain reluctant to invest labour and finances. 
Cost  efficiency,  including  short  and  long‐term  benefits,  is  another  key  issue  in  the  adoption  of  good 
practices.  Furthermore,  it  is  important  to  ensure  genuine  participation  of  resource  users  alongside 
professionals  during  all  stages  of  implementation  to  integrate  all  viewpoints  and  ensure  commitment. 
Often weak approaches and extension have  led to poor adoption rates. Technologies need to be adapted 
and fine‐tuned to the local natural, socio‐economic and cultural environment. Changes towards SLM should 
build on – and be sensitive to  ‐ values and norms, allow flexibility, adaptation and  innovation to  improve 
the  livelihoods of  the  land users.  Investments  in scaling‐up of best SLM practices are essential  to have a 










In drylands, characterized by harsh climatic conditions and water scarcity,  it  is especially difficult  to  reap 
benefits  from  land without degrading  resources. Disturbance of dryland  ecosystems  can quickly  lead  to 
severe land degradation and thus desertification, hence managing land sustainably is a huge challenge. The 
socio‐economic  situation  can  also  pose  challenges,  as  dryland  regions  are  often  characterized  by 
remoteness, marginality,  low‐productive  farming, weak  institutions, and even conflict. With  threats  from 
climate change, high risks of natural disasters and hazards, disputes over water, competing claims on land, 
high  population  growth,  high  urbanization/  migration,  large  youth  populations  and  among  the  world’s 







proven  technologies  will  cover  a  far  wider  area  and  improve  the  standard  of  living  of  a  much  larger 
population (ICARDA 2012a). 
The Central and West Asia and North Africa  (CWANA)  region which  includes  the Middle East and North 





and  Soil  Defence  and  Restoration  (SDR)  that  contribute  to  sustainable  land  management  (SLM).  These 
counter  the  prevailing  and  pessimistic  view  that  land  and  environmental  degradation  is  inevitable  and 
continuous (Liniger and Critchley 2007) and that vulnerable dryland  is often no  longer capable to provide 
the necessary goods and ecosystem services to assure a socio‐economic development, which is particularly 
of  disadvantage  for  the  people  living  in  these  areas  and  depending  on  the  natural  resources  for  their 
income  generation. However  this wealth of  experience  and  knowledge  remains  scattered  and  localized. 
There is still a rich untapped SWC and SDR diversity which is not readily available to land users, those who 
advise  them, or planners  and decision makers.  Furthermore  traditional  land use  systems  and  local  land 
management innovations are rarely documented and assessed for their conservation effectiveness. Hence, 













The Central and West Asia and North Africa  (CWANA)  region which  includes  the Middle East and North 
Africa (MENA) region constitutes the largest contiguous area of drylands in the world. The drylands of the 
CWANA region have a very high diversity in agro‐ecological conditions and agricultural land use systems (De 
Pauw 2008), mainly determined by  climatic differences.  In general,  low mean annual precipitation, high 
interannual  variability  and  high  potential  evapotranspiration  characterize  the  region’s  drylands  (IAASTD 
2009).  
Agriculture  in  CWANA  countries  is  centered  on  livestock  production  (sheep,  goats  and  cattle)1,  cereal 
(wheat, barley) and  legume  (lentil, pea, and vetch) as well as flax. A major characteristic of agriculture  in 
CWANA  is  that  it  combines  traditional  subsistence  farming  with  large‐scale  agribusinesses.  Permanent 
pasture is the most important land use in the region and can often be in the form of agro‐silvopastoralism. 
Accordingly,  in  the Middle  East  and  North  Africa  (MENA)  region  about  85%  of  land  is  covered  by  low 
productive systems with low population densities. According to Fischer et al., 2010 as cited in (FAO 2011), 
the  land cover  in the MENA region  is sparsely vegetated and barren  land (70%  in western Asia and up to 
90%  in  northern Africa)  followed  by  grassland  and woodland  (18%  in western Asia  and  7%  in  northern 
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East and North Africa region. While  in the arid zone reliable agriculture  is possible through  irrigation and 






same  time,  the  scarce  rainfall  received  throughout  the  MENA  region  is  usually  very  intense  and  can 




























































































































agriculture  is  the erosion of  top  soil on  steep  slopes. For  irrigated agriculture, constraints  related  to  the 







Therefore,  additional  sources  of  feeding  play  a  crucial  role  in  attaining  the  main  goal  of  increasing 
agricultural output, productivity, and  farmers’  incomes  (Karrou, Oweis, and Bahri 2011). Another  issue  is 
the disposal of agricultural drainage water and  solid waste  into  freshwater  canals and  rivers, which has 
affected water quality  in  the Amman‐Zarqa Basin and  the  Jordan Valley  (McCormick, Grattan,  and Abu‐




The majority of  land  in Egypt  is desert  land. Even  the more humid areas along  the Mediterranean coast 
require supplementary  irrigation  to produce  reasonable yields.  In  the old  lands poor water management 
and  land  fragmentation are major challenges whereas the new  lands on sandy soil are even more at risk 
from  water  shortage  as  they  are  located  at  the  end  of  the  irrigation  systems.  To  avoid  over  and/or 
inadequate  irrigation  in  these  lands  is  therefore of high  importance  (FAO 2014b).  Land degradation has 
reached critical  levels  in many of  the upland areas of  the Nile Valley and  the Red Sea. The Nile valley  is 





available  land and  reduced soil  fertility  (FAO 2014b). Deforestation has  further  reduced vegetation cover 
and thus increased land degradation (Taamallah 2010). The changes in sheep production systems triggered 
by recurrent drought, modernized technology and economic factors away from transhumance to increasing 











In Morocco  reducing water and  soil degradation  is one of  the most urgent priorities  for  the Ministry of 
Agriculture, besides  saving water. Morocco  is well aware of  the problems associated with water  scarcity 
since  it has experienced  them at different  levels of  severity.  (Karrou, Oweis, and Bahri 2011). Drought  is 
having impacts on agricultural production, farm economics and sustainability, production systems and also 
leads to accelerated degradation. Degradation includes soil loss due to water and wind erosion, loss of soil 
fertility,  soil  salinization,  decrease  of  groundwater  levels.  Furthermore  rangelands  and  forest  resources 












MENA‐DELP  project  countries  are  quite  different  with  regard  to  the  share  of  the  working  population 
employed  in  the agricultural sector and  the contribution of agriculture  to GDP. While  in Morocco almost 
half  of  the  population works  in  agriculture  and  agriculture  contributes  15%  of  the GDP,  in  Jordan  only 
around 3% of the population is involved in agriculture and the agricultural sector contributes about 3% to 
GDP.  The  rural  population  in  these  countries  can  be  roughly  classified  into  nomadic,  seminomadic, 
transhumant and sedentary populations. Population growth in the MENA‐DELP countries ranges from 0.92 
to 3.86% with Tunisia at  the  lower and  Jordan at  the higher end of  the range  (CIA 2014). Current  (2013) 
unemployment  rates  are  highest  in  Tunisia  (17.2%)  and  lowest  in Morocco  (9.5%)  (CIA  2014). Off‐farm 
income, such as salaries and wages, can compensate for daily needs, where agriculture does not generate 
sufficient  income.  However,  demand  for  unskilled  labour  is  decreasing  in  the  MENA  countries,  which 
particularly affects poor households (IMF (Int. Monetary Fund) 2005;  in IAASTD 2009). Also political crises 
affect poor households, such as the ongoing tourism crises in Egypt. While poverty is similarly widespread 






receive  lower  salaries  then men.  In Egypt  for example, women earn  roughly  two‐thirds of men’s wages 














































































































































expense of  small‐scale  farming  systems.  This model  is  capitalistic  and  export oriented  and based on 
private  property  rights  of  water  and  land  (IAASTD  2009).  In  Jordan  sheep  are  an  integral  part  of 
Bedouins’ life. They are the source of food and clothing, and symbol of wealth and pride. In Algeria the 
transition to a market economy has not yet been accomplished and land regime is still uncertain as the 
former state owned  farms have completely disappeared and conditions  for gaining access  to  land are 









2004).  Agriculture  strongly  depends  on water  availability;  however, with  rapidly  growing  demand  it 
seems  certain  that  water  will  increasingly  be  reallocated  away  from  agriculture  to  other  sectors. 





rely  on  high  investment  and mono‐cropping,  are  expanding  and  employ  a  high  number  of  seasonal 
workers. As  these employment opportunities are more attractive  than  the  low productive  traditional 
farming systems, indigenous knowledge and skills regarding natural resource management are lost. The 
change  from  small‐scale  indigenous  farming  to  large‐scale  farming  also  leads  to  the  loss  of  agro‐
biodiversity,  land degradation, depletion of water,  loss of  livelihoods and conflicts over  land and water 
rights  (IAASTD  2009).  Poverty  is  widespread  and  the  uneven  distribution  of  wealth  leads  to  the 
formation of marginalized groups. Poverty also  limits the extent to which poor producers of crops and 
livestock can  take advantage of opportunities arising  from emerging markets,  trade, and globalization 







































 Current  food production  systems  and  food patterns  are  characterized by huge  inefficiencies  in 
input use, food loses and food waste (ICARDA et al. 2013) 
The  challenges  are  complex  and  interlinked  and  their  importance  can  vary  from  country  to  country, 
however they can be grouped into three main ‘types’: institutional and policy (land and water use rights, 
law  enforcement),  the  economic  and  financial  (access  to  financial  support  and  markets),  and  the 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































The major agricultural use of water  is  for  irrigation and  livestock watering. Main sources of water are 
blue water. For larger‐scale water supply this means ground water, fossil/ artesian water, surface water 
(e.g.  rivers,  lakes, dams and ponds collecting water  from  rivers and  rain) or non‐conventional sources 
like  treated wastewater,  desalinated water  and/or  re‐use  of  drainage water  (OSS  2004).  For  smaller 
scale water supply this refers to wells that tap groundwater (e.g. in oasis), farm ponds and shallow wells 
from which water can be extracted with  treadle  (or other) pumps  for micro‐irrigation  (Karrou, Oweis, 
Ziadat, et al. 2011).  
Problems  encountered  are water  reallocated  away  from  agriculture  to other  sectors, over‐extraction 
and  exploitation  of  water  (with  extraction  exceeding  recharge  rate),  water  scarcity  and  low 
replenishment  of  blue  water,  improper  water  management  (low  water  use  efficiency/  water 
productivity,  salinization),  irrigation  water  quality  (can  favour  soil  salinity)  and  high  costs  of  non‐
conventional sources of water (waste water, drainage water). 
In  the  agricultural  sector,  reuse  of wastewater  adds  to  the  value  of water  resources. However,  the 
protection  of  public  health  and  the  environment  are  also  concerns  associated  with  the  reuse  of 
wastewater.  The  use  of  treated wastewater  is  an  option  for  enhancing  crop  productivity  in  rainfed 







far uneconomic due  to high energy  costs, with  the exception of  intensive horticulture  for high‐value 









users abstract over and above  rates of  replenishment  from  recharge and aquifer  leakage  (FAO et al. 
2011).  In  irrigated agriculture, careful management of  irrigation water  is fundamental to reduce  losses 
of the precious resource and thus increasing water productivity. Many irrigation schemes are costly and 










































































































































































































































































































































a  larger  area,  thereby  not  fully 
satisfying the crop water requirements 
– i.e. deficit irrigation. Deficit irrigation 
is  an  optimization  strategy  in  which 
irrigation  is  applied  during  drought‐
sensitive  growth  stages  of  a  crop.  It 
allows  achieving  considerably  higher 
total  crop  yields  and  water  use 
efficiency compared to using water for 
full  irrigation on  a  smaller  area  (Figure 
5).  
 Water harvesting and  improved water 
storage  for  irrigation  during  times  of 
surplus and using the water for (supplementary) irrigation during times of water stress. Small dams 
and  other  storage  facilities  as  described  under  water  harvesting,  which  are  combined  with 












systems, but particularly  for  subsistence  farmers  in dry areas with poor and marginal  soils.  It 
offers huge improvements in water productivity, and allows farmers to grow high‐value crops in 
very dry  areas.  Low‐cost  greenhouses  can be  fabricated  locally, by  small‐scale  entrepreneurs 
(www.icarda.cgiar.org). For information on the use of geothermal water in protected agriculture 
refer  to  the OSS study  ‘Prospects  for greenhouse development using geothermal water  in  the 
desert areas’ mandated to Mr. Mohamed Sadok Bel Khadhi. 
More  efficient water use  can  enhance production benefits  remarkably. Priority  areas  are  in  arid, 
semi‐arid  (and  subhumid)  areas, where  a  small  amount  of  irrigation water  leads  to  a  significant 
































































































































































w  to  the  su
























































































































  well  as  rai
re  there  is 
iger et al. 201
m  wells  or  p























































































A Benchmark, Nile 
DA Benchmark. New












Basin - Egypt 










































































































































































































































































































































































































































































































































































  in  the  local













































































































































ing on collected plan
erchichi; Extensive g
eland, North Africa 
DA; Farmers can a
at to enrich the soil w
ekdaschi Studer; fe
27
t from date palm 
crop-livestock system
t residues, North Afr
razing and manuring




































































































































































































































































































































































 profitable crops, 
















































































































































































































)  –  one  of 
ields and qu
















n  old  lands  a




er  use  of  so
rol  and  othe








e  of  water  f
rient resource






































































































































































































T; Application of m
g 
M: dubas bug dama





d bed planting, 
icro-dose of top 
ge on date palms  




































































































m et al., 2007





























; right: Theib O
































































































































































































































































































































































































































































































 olives with vetch as 




















































































































life)  in  an  a
ion,  reduce 



















































































































































































































































































































































Lhaj; No-till barley s
l drill, Morocco 
eis; Runoff strips f
A; Vallerani bund c
rari: stone lines, Pale
bisch;; Stone wall le
edenine; Dune stabi
32
eeding using the 
or field crops, Syria 
ontour ridges, Jorda
stine 
vel bench terrace, S






























Water  harvesting  aims  at  minimizing  the  effects  of  seasonal  variations  in  water  availability,  due  to 
droughts and dry periods and at enhancing the reliability of agricultural production. The aim is to collect 
runoff or  groundwater  from  areas of  surplus or where  it  is not used,  store  it  and make  it  available, 
where and when  there  is water shortage. This  results  in an  increase  in water availability by either  (a) 
impeding  and  trapping  surface  runoff,  and  (b)  maximising  water  runoff  storage  or  (c)  trapping  and 
harvesting sub‐surface water  (groundwater harvesting). Thus water harvesting deliberately reallocates 
the water resource within a landscape, and over time.  
The  basic  components  of  a water  harvesting  system  are  a  catchment  or  collection  area,  the  runoff 
conveyance system, a storage component and an application area.  In some cases the components are 





arranged  in  lines  across  the  slope  to  form  walls.  Where  these  are  used  for  rainwater  harvesting,  the 
permeable walls slow down the runoff,  filter  it, and spread the water over the  field, thus enhancing water 
infiltration  and  reducing  soil  erosion.  Furthermore,  the  lines  trap  fertile  soil  sediment  from  the  external 
catchment (Liniger et al. 2011).  
 Contour  forward  sloping  bench  terraces:  are  constructed  or  develop  gradually  behind  earth  bunds, 
vegetative strips (usually grass) or stone barriers, due to soil movement from the upper to the lower part of 






An  important cross slope barrier  technology but not  for  improving  in water  infiltration but  for  impeding wind 
erosion and encroachment of sand dunes is: 
 Dune stabilisation and dust storm prevention: to stop sand encroachment and stabilise sand dunes on‐site, 
in order  to protect villages, cultivated  land,  roads, waterways and other  infrastructure. Technique of dune 
stabilisation consists of a combination of three measures: 1) mechanical measures such as palisades which 
act  as  windbreaks  (in  lines  or  ‘checker‐board’  squares).  These  physical  structures  are  a  barrier  to  sand 
transport  by  wind,  and  thus  are  a  prerequisite  for  re‐vegetation;  2)  natural  regeneration,  planting  and 
seeding  of  annual  and  perennial  plants  for  soil  stabilisation;  3)  area  during  the  rehabilitation  phase  until 
vegetation is sufficiently established (2–3 years). 





Water  harvesting  may  occur  naturally,  for  example  in  depressions,  or  “artificially”  through  human 
intervention. Artificial WH often involves interventions to improve precipitation collection and to direct 
runoff to the application area. Runoff for WH is encouraged and, when it is very low, it can be induced 



















In  general  adoption  rates  remain  low.  Land users hesitate  to  invest  time  and money  in WH without 
security of  land and  limited access to  local markets where they can sell surpluses. The WH techniques 
recommended must be profitable for land users and local communities, and techniques must be simple, 
inexpensive  and  easily manageable.  Incentives  for  the  construction of  e.g. dykes, macro‐catchments, 
small  dams  might  be  needed,  since  they  often  require  high  investment  costs.  The  greater  the 
maintenance  needs,  the  less  successfully  the  land  users  and/  or  the  local  community will  adopt  the 
technique.  Financial,  material  and  technical  support  are  required  mainly  for  macrocatchments  and 
floodwater  harvesting  (see  below).  In  floodwater  harvesting  high  initial  investments  and  labour 
requirements for maintenance hinder many land users from adopting such practices, as may the lack of 
know‐how. 





1. Dependent on the amount, seasonal 
distribution and variability of rainfall 
2. Difficult to ensure sufficient quantity of 
water needed 
3. Supply can be limited by storage capacity, 
design and costs  
4. Structures/ microcatchments may take up 
productive land  
5. Ponded water can be breeding ground for 
mosquitos or source of waterbourne 
diseases  
6. May involve high initial investments and/or 
labour requirements for maintenance 
7. Jointly used structures can lead to 
maintenance disagreements 
8. Shared catchments and infrastructure may 
create rights issues (upstream-
downstream, farmers and herders) 
9. Acceptance of new systems and 
associated rules and regulation may be a 
problem 
10. Maintenance of communal infrastructure: 
built with subsidies: can be a constraint. 
11. Long-term institutional support may be 
necessary 
12. May deprive downstream ecosystems of 
water (esp. where floodwater is diverted)  
Benefits  
1. Securing water and productivity in dryland 
areas 
2. Increasing water availability  
3. Buffering rainfall variability  
4. Enhances aquifer/ groundwater recharge 
5. Overcoming dry spells 
6. Harvesting plant nutrients 
7. Helping to cope with extreme events 
(flooding, soil erosion, siltation etc.) 
8. Providing an alternative to full irrigation 
9. Offering flexibility and adaptability to suit 
circumstances/ context and to fit budget 
10. Reducing production risks, thus reducing 
vulnerability 
11. Increasing resilience of systems 
12. Improving access to clean and safe 
domestic water 
13. Improving water availability for livestock 
14. Reducing women’s work load   
15. Increasing food production and security 
16. Offering the possibility of growing higher-
value crops 
17. Utilizing and improving local skills 
18. Alleviating poverty: when adopted at scale 
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Livestock  play  an  important  role  in  dryland  management.  Livestock  production  is  the  main  activity 
developed  to  sustain  livelihoods  in  these  low productivity  and unstable environments. Pastoralism  is 
one of  the most ancient  forms of agricultural activity and  is based on open grazing  lands, e.g. steppe 
(badia) and shrublands, managed  through herding. Pastoral systems are particularly adapted  to  these 
conditions and have been able to fully exploit these characteristics through constant mobility  in areas 
that  would  otherwise  remain  unutilized.  However,  in  the  MENA  region,  the  increase  in  human 




barley, achieved by  cultivating previously uncultivated marginal  land  ‐steppe and desert  rangelands  ‐ 
and by replacing the traditional barley–fallow rotations with continuous barley cropping (Karrou, Oweis, 
Ziadat, et al. 2011). The  increase  in grazing pressure and  cultivation of  traditional and  fragile grazing 
lands has led to severe degradation of these resources, i.e. of soil cover and changes in the composition 
of  the vegetation. Hence, pastoral systems are undergoing rapid changes. The survival and viability of 
pastoral  systems  strongly  relies on mobility, which  is  increasingly being  threatened by other  forms of 
land uses and the presence of boundaries that constrain the inherent flexibility of pastoral systems. 
Pastoralists  maintain  diverse  cultures,  ecological  adaptations  and  adopt  opportunistic  land  use 
strategies  ‐  that  is  they  follow  resources of grazing/ browsing and water, destock  in  times of drought 
(often  de  facto  through  livestock  mortality  rather  than  stock  sales)  but  have  rapid  response  post‐
drought restocking strategies (commonly based first on the high reproduction rates amongst indigenous 
sheep  and  goats).  Traditional pastoral  systems utilize, modify  and  conserve  ecosystems by  extensive 
grazing  with  rotational  grazing  and  by  using  a  variety  of  livestock:  sheep  and  cattle,  principally  as 




thus does not attract the  investment attention that  it deserves. However, current thinking  increasingly 
recognizes  these  opportunistic  strategies  as  economically  viable,  environmentally  sustainable,  and 
compatible  with  development.  These  strategies  could  support  coping  with  climate  variability  ‐ 
particularly uneven  and  erratic distribution of  rainfall  ‐  especially when  soil  and water  conservation/ 
water  harvesting  and  agro‐pastoralism/  silvo‐pastoralism  are  integrated  into  the  overall  systems. 
Pastoralism has considerable economic value and latent potential in the drylands but little  is known or 




















Effective  pastoral management  of  the  drylands  depends  on  livestock mobility  (access  to  dry  season 
grazing  sites  and  water  points),  effective  communal  tenure  and  governance  systems,  and  herd 
adaptation.  Pastoralists  have  fluid  tenure  systems  that  are  traditionally  based  in  customary 
arrangements.  However,  in  many  places  these  have  broken  down,  and  uncontrolled  open‐access 
regimes have emerged. Traditional wells are often collective property of a community and surface water 
sources have  less clear ownership. A combination of  land ‘privatisation’, fragmentation of communally 
grazed  land,  loss  of  key  resources  (e.g.  water  points  on  transhumance  routes),  creation  of  barriers 
(borders, fences, roads, etc.), imposition of state and district boundaries hamper these rights.  
Pastoralists  are  usually  the most  politically  and  economically marginalised,  have  the  least  access  to 
resources  (land,  water,  pasture)  and  basic  services  such  as  health  and  education  and  suffer  from 
insecurity, conflicts, poverty, environmental degradation and exposure to climatic risks. 
Incentives  for  key  elements  of  pastoralism  such  as  communal  tenure,  seasonal movements,  flexible 
stocking rates that can be adopted afresh are:  
 legal support for communal arrangements,  












1. Low precipation, fertility and poor soil 
quality 
2. Demographic pressure 
3. Weakening of traditional governance over 
communal natural resources, 
4. Restricted mobility,  
 sedentarisation  
 boundaries and  
 advancing agriculture 
(expanding cereal crops). 
5. Land tenure and land/ water use rights  
6. Land fragmentation 
7. Increased grazing pressure 
8. Overgrazing leading to erosion and loss of 
biodoiversity 
9. High number but low quality of animals 
(e.g. health, breeds) 
10. Limited access to basic services such as 
health and education 
11. Benefits of pastoralism officially 
underestimated 
12. Pasotralists are politically and socially 
margenalized 
Benefits  
1. Improved food security and livelihood of 
marginalized and disadvantaged people 
2. Opportunistic land use strategies 
3. High flexibility 
4. Efficient use of the extensive rangelands 
5. Economic production in marginalized land 
and environmental protection (biodiversity) 
of vulnerable ecosystems are combined 
6. Adaptation to climate variability and change  
7. Sequestering carbon when degraded 
rangeland is rehabilitated (mitigation) 
8. Improved pasture/ rangeland fertility 
9. Positive effect on rangeland / pasture 
‘quality’ and cover 
10. Animal friendly 
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The  cereal  livestock  system  forms  the  backbone  of 
agriculture  in  the  semi‐arid  zones  in  contrast  to  the  arid 




source  of  income  of  rural  populations.  Sheep  and  goat 
make up  the major portion of  livestock. Management of 
the  production  risk  caused  by  the  fluctuation  of  feed 
availability  is  the  main  problem  hampering  the 
development  of  livestock  production  in  North  Africa 
(Nefzaoui, Ketata, and El Mourid 2012). 
Today  in  Jordan,  although  some  Bedouins  retain  their 
traditional  lifestyle  of  full  mobility  with  their  sheep  and 
goats, most are only mobile for parts of the year, or have 
adopted a  fully  settled way of  life and are dependent on 
grain‐based  concentrates  for  their  herds  during much  of 
the  year.  The  nomadic  grazing  system  is  beginning  to 
diminish  due  to  trucking  and  mobilization  of  feed  and 
water. There  is a shift  in the  livestock production towards 





close  to  urban  areas  or  infrastructure,  however,  is  also 
observed  in the steppes of North Africa (Nefzaoui, Ketata, 
and El Mourid 2012). 
Scientific  gains  demonstrate  that  mobile  pastoralism  is 
more productive  than  sedentary husbandry under  similar 
‘marginal’  environmental  conditions,  and  recognise  the 
valuable role of pastoralists in the efficient protection and 
use  of  limited  resources.  A  new  generation  of  pastoral 
projects  combines  respect  for  mobile  strategies  and 
indigenous  knowledge  with  a  focus  on  institutional 
development  and  systematic  participation by pastoralists 
in the identification of the most effective solutions for the 







Community‐based  breeding  programs  are 
proving  a  valuable  approach  for  small‐scale 
livestock  farmers  in  remote  dryland  areas. 
Focusing  on  indigenous  breeds  of  mainly 
sheep and goats, this sustainable alternative 
to  more  modern  breeding  programs  has 
already  proved  highly  successful  in  Bolivia, 
Ethiopia, Mexico and Peru. They have been 
rewarded  with  improved  flock  genetic 
quality, animal health and productivity, and 





Part  of  an  integrated  livestock  technology 
package developed by dryland scientists are: 
improved  genetic  stock,  animal  nutrition, 
feed  and  fodder production  and preventive 
veterinary  care.  Good  results  have  been 
obtained  for  sheep  and  goat  herders  in 
Afghanistan  and  Pakistan.  80%  to  200% 
increases  in meat  and milk  production  and 
animal growth rate, benefit to cost ratios of 
3:1  and  a  dramatic  fall  in  animal  mortality 
rates (ICARDA et al., 2012). 




•  Biomass  yields  in  spineless‐cactus  alley‐
cropping  systems  in  Tunisia  were  57% 
higher  than  in  the  traditional  barley 
cropping system 
•  Introduction  of  cactus  increased 








by  25%  because  more  fodder  was 
available 
•  Adopters, using a combination of saltbush 








Viable options and  interventions exist today. They  include using:  improved crop varieties and  livestock 
breeds;  diversification  of  cropping  systems,  more  efficient  water  management  e.g.  supplemental 













 Proactive  risk  management  strategies  and  policies  instead  of  currently  prevailing  reactive 
disaster management (OSS 2009). 
 Right  of  land  users  to more  income  and  economic  development.  For  a  long  term  effect  this 
economic  development  has  to  be  sustainable  by  combining  higher  productivity  (plants  and 
livestock)  and  environment  friendliness  (productive protection or protective  production!)  but 
also keeping  in mind that each region or  land use has  its own appropriate and ‘natural’ way to 
develop (‘stay true to oneself’). 
 Sustainable intensification of production (such as improved crop varieties and livestock breeds, 
diversification  of  production  systems,  integrated  fertility  and/or  crop‐livestock  management, 













citrus  increase  their  value  on  local  markets,  and  hence  provide  a  good  source  of  improved 
income 
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A  desk  top  survey  of  SLM/  SWC  and  SDR  technologies  and  practices  in  the  five MENA‐DELP  project  
countries: Algeria, Egypt, Jordan, Morocco and Tunisia was done to compile already  implemented SLM 
practices  and  to  capture  experiences  probably mainly made  by  projects,  however which would  also 
cover local practices since nowadays projects collaborate closely with local land users and communities. 
The  results of  this  survey  are  summarized  in Table 1  to 5. Each  Table pertains  to  a  country  and  the 
colours  differentiate  between  the  different  groups  of  technologies.  This  survey  is  biased  towards 
‘literature’ published in English and does not claim to be comprehensive nor complete.  
Table 6  summarizes  the best practices  selected  in group work  sessions and presented during  the 2nd 
regional  workshop  on  ‘Best  agricultural  practices  in  desert  areas’  of  the  Desert  Ecosystems  and 
Livelihoods  knowledge  sharing  and  coordination  Project  (MENA‐DELP)  held  4  and  5  May,  2014  in 
Amman, Jordan.  
The  multi‐phased  Middle  East  and  North  Africa  Desert  Ecosystems  and  Livelihoods  (MENA‐DELP) 
Programme is funded by the World Bank (WB) and the Global Environment Facility (GEF). It consists of 
national  investment  projects  in  five  partner  countries  in  the  MENA  region,  namely  Algeria,  Egypt, 
Jordan, Morocco and Tunisia, and of a  regional knowledge management and  coordination  (umbrella) 
project referred to as MENA‐DELP regional project and coordinated by OSS (Observatoire du Sahara et 
du  Sahel).    The  regional  project  aims  at  a  better  understanding  of  the  linkages  between  desert 
ecosystem  services  and  desert  livelihoods  for  an  informed  decision‐making  and  to  strengthen 
cooperation among national  institutions  in partner countries and stimulate knowledge‐sharing  for  the 
sustainable management of desert ecosystems.   
The objective of the 2nd MENA‐DELP regional workshop on ‘Best agricultural practices in desert areas’ (4 
and  5  May,  2014  in  Amman,  Jordan)  is  to  bring  together  the  project  partners  and  to  discuss  good 
agricultural practices  in desert areas for sustainable  land and water management,  in order to  improve 
local  population’s  life  conditions  (e.g.  good  soil  and water  conservation  (SWC)  and  soil  defence  and 
restoration (SDR) practices, rangeland management, aromatic and medicinal plants, geothermal energy 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Rainfall  Site description Land use  Problems Degradation Purpose of intervention Type of intervention/ technology 
Smallholder irrigation management 
















































































































































































































































































































































































































































































































































































































































The  review  of  literature  and  the  interaction  with  country  representative  during  the  2nd  regional 




Preliminary  results  show  that  ‘niche  productions’  such  as  planting  of medicinal  and  aromatic  plants, 




underutilized.  Egypt  on  the  other  hand  relies  mainly  on  improvements  in  irrigation  systems  and 
irrigation  water  management.  Jordan  where  agro‐silvopastoralism  and  livestock  is  key,  improved 
rangeland  management,  fodder  and  forage  quantity  and  quality,  livestock  breeding,  health  and 




Schwilch,  Liniger  and Hurni  (2013)  investigated how  SLM  addresses production  threats  in 17 dryland 
study  sites  located  in  the Mediterranean  (including Morocco and Tunisia) and around  the world. The 
impacts of SLM mentioned most were diversified and enhanced production and better management of 
water and  soil degradation, whether  through water harvesting,  improving  soil moisture, or  reducing 
runoff. SLM was found to improve people’s livelihoods and prevent further outmigration. 








Based  on  the  premise  that  SLM  experiences  are  not  sufficiently  or  comprehensively  documented, 
evaluated,  and  shared,  the  global  World  Overview  of  Conservation  Approaches  and  Technologies 
(WOCAT)  initiative  (www.wocat.net) and  its network partners have developed  standardised  tools and 
methods  for  documenting,  self‐evaluating,  and  assessing  the  impact  of  SLM  practices,  as well  as  for 








UNCCD  has  officially  accredited  the  World  Overview  of  Conservation  Approaches  and  Technologies 
(WOCAT) database – hosted by CDE – as the global platform for documenting and sharing best practices 
of  sustainable  land management  (SLM). The UNCCD’s official  recognition gives WOCAT a mandate  to 
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and  practices  need  scaling‐up  –  through  experience  sharing  and  training,  awareness  raising  and 
advocacy to decision makers  in countries and development agencies, knowledge sharing and evidence 
based  decision  making.  But  none  of  this  can  happen  without  an  enabling  policy  and  institutional 
environment  to  ensure  that  the  most  effective  innovations  are  put  into  action  and  that  long  term 
funding and investment is available (ICARDA 2012a). 
SLM projects have often failed despite good techniques and design, because they were not adapted to 
the  local  context  and  the  social,  cultural,  economic,  institutional  and management  constraints were 
inadequately  integrated  into  the  development  of  the  project.  Therefore,  before  selecting  a  specific 
technology, consideration must be given  to people’s priorities and  framework conditions prevailing  in 
the  area  (IFAD  2012).  Furthermore  different  contexts  require  different  approaches.  Apart  from 
government interventions or donor investments, a greater engagement of the civil society (and private 
sector)  and  empowerment  of  stakeholders  at  grassroots  levels  are  required  (Liniger  et  al  2011).  For 
adoption and up/ out scaling of SLM good practices –  implementation and spread – sound planning, a 
suitable approach and an enabling environment (reducing bottlenecks) are the ingredients that can lead 
to  success.  Furthermore  for  SLM  to  become  an  integral  part  of  sustainable  development  for  food 





SLM  technologies and SWC/SDR measures can be planned and  implemented at different  scales,  from 
within fields up to a whole watershed or landscape. This has different implications for the involvement 
of  land and water users of  individual  land using own water resources or on community / open access 





 Create  awareness  of  project  objectives  and  the ways  to  achieve  and  involve  stakeholders  and 
beneficiaries from the very beginning (creates ownership) 




 Assess  technical  feasibility  and biophysical  criteria:  such  as  rainfall,  topography,  soil  type,  land 
use, availability of local material (stone/ earth, manure, mulching material, etc.), technical know‐
how and training needs, etc.  
 Assess economic and  financial criteria: such as cost efficiency and benefit  to cost ratio, benefits 
and disadvantages of incentives, availability of labour, access to markets, financial support, etc. 
 Assess  institutional and  legal  criteria: potential  to mainstream  SLM practices  into development 













 Help  to  create  a  technical,  socio‐  economic  and  cultural  enabling  environment  to  enhance 
adoption (e.g. access to knowledge, financial and technical support, etc.),  i.e. minimize adoption 
constraints.  
 Help to set‐up an  institutional and policy enabling environment  for mainstreaming  into projects 





An  Approach  defines  the  ways  and  means  used  to  promote  and  implement  a  SLM/  SWC/  SDR 
Technology ‐ be it project/programme initiated, an indigenous system, a local initiative/ innovation ‐ and 
to  support  it  in achieving better and more widespread  sustainable  land management.  It may  include 
different  levels  of  intervention,  from  the  individual  farm,  through  the  community  level,  and  the 
extension/  advisory  system  at  regional  or  national  levels.  It  may  be  set  within  an  international 
framework (Liniger et al. 2011). A successful approach is characterized by being people‐centred, gender 
sensitive,  participatory/  collaborative,  responsive,  integrated  (multilevel  and  multi‐stakeholder)  and 
partnership based. An effective SLM approach comprises the following elements: participants/ actors at 
all  levels: policy‐makers, administrators, experts,  technicians,  land users;  inputs:  labour, material and 
financial, etc.; know‐how:  technical, scientific, practical; and  the enabling environment: socio‐cultural, 
legal  and political. Multi‐scale  integration  and  integrated  land use planning do not  consider only  the 
local on‐site interests but also the off‐site (landscape) concerns and benefits also. 
Approaches are basically  social processes;  they do not necessarily  follow any  systematic classification 
and  there  is no  absolute best  approach  ‐  though  clearly  some work better  in  certain  situations  than 
others.  Approaches  need  to  be  developed  ‐  not  selected,  transferred  or  copied  ‐  depending  on  the 
situation, the people involved, objectives, possible solutions and resources available (Liniger et al. 2011). 















































































































































































































































































































Effective  SLM  depends  on  both  suitable  technologies  and  closely  matched  approaches  for  their 











support from outside. The school brings together  land users who  live  in the similar ecological settings and socio‐
economic  and  political  situation.  FFS  provides  opportunities  for  learning  by‐doing.  Extension  workers,  SLM 
specialists or trained land users facilitate the learning process. Applied in Algeria, Egypt, Morocco and Tunisia. 
Community based natural resource management  (CBNRM):  tends  to be associated with approaches where  the 
focal unit for  joint natural resource management  is the  local community and resources are subject to communal 
rights. Decentralisation  is  a  promising means  of  institutionalising  and  scaling‐up  the  popular  participation  that 






variety  of  economic  as  well  as  non‐economic  ends  for  the  benefit  of  its  members.  The  advantage  lies  in 
empowerment  and  collective  action  of  land  users  and  local  communities,  joint  planning  and  use  of  natural 
resources, sharing  input purchasing, production, processing, services and marketing costs and  last but not  least 
they are  self‐supporting and have  ‘internal’  funding mechanisms  (e.g. payment of memberships, distribution of 
loans). 
Extension  advisory  service  and  training:  includes  several  or  all  of  the  following:  awareness‐raising,  training 
workshops and seminars around specific themes, exposure visits, hands‐on training, and the use of demonstration 
plots.  Training  (in  skills)  and  extension  (spreading  the  message)  go  often  hand  in  hand.  In  many  countries 
governmental extension services were downsized and are underfunded  (Liniger and Critchley, 2007). Alternative 
forms of advisory service: i) Trained ‘local promoters’ that become facilitators / extension workers under a project, 
ii)  Strategic  partnerships  between  public  sector  (government  agencies),  civil  societies  (NGOs)  private  sector 
(companies)  iii)  Training  and  Visit  (T&V)  for  promoting  technology  packages  developed  by  subject  matter 
specialists,  iv)  Information  and  Communication  Technologies  (ICTs),  v)  Market  driven  extension,  vi) 
Entrepreneurship to support value chains, etc..  
In  Jordan,  a  technology  package  (water  harvesting  plus  other  innovations)  has  helped  rehabilitate  degraded 
rangeland areas, reduce erosion, and improve the production of fodder for livestock. A large‐scale ICARDA regional 
food security project in five countries – Egypt, Morocco, Sudan, Syria and Tunisia integrated technology packages 
that combine  improved varieties, crop and  resource management, and  institution building.  In Tunisia Groups of 
lead  farmers are being  linked by mobile phone  to crop and weather monitoring systems  that  issue alerts when 
irrigation is needed (ICARDA 2012a). 
Integrated watershed management: aims to  improve both private and communal  livelihood benefits from wide‐




action  and  market  related  innovations  that  support  and  diversify  livelihoods.  This  concept  ties  together  the 
biophysical notion of a watershed as a hydrological landscape unit with that of community and institutional factors 
that  regulate  local demand and determine  the  viability and  sustainability of  such  interventions  (i.e.  SLM).  (e.g. 
Marsa Matrouh, Egypt)  
Community‐based  participatory  monitoring  and  evaluation  (PME)  system:  The  PME  involves  local  people  in 
deciding how progress should be measured, in defining criteria for success and in determining how results should 




that  enable  people  to  enhance  their  knowledge  of  SLM  and  strengthens  land  users’  innovative  capacity.  It  is 
bottom‐up,  demand‐driven  and  has  partly  evolved  from  efforts  to  improve  technology  development  and 




Participatory  plant  and  livestock  breeding/  community  based  breeding/  research  and  development:  is  a 
partnership  between  researchers  and  farmers.  Researchers  generate  plant  populations  or  animal  breeds  with 





can be  regulated  through negotiation among all  stakeholders and  communally binding  rules  for SLM, based on 
planning units, such as social units (e.g. village) or geographical units (e.g. watershed) can be developed. 





Payments  for Ecosystem Services  (PES): PES  is the mechanism of offering  incentives to  farmers or  land users  in 
exchange  for managing  their  land  to  provide  ecological  services.  Through  PES,  those who  benefit  pay  for  the 
services and those who provide, get paid. This is a relatively new source of funding with considerable potential for 
expansion.  PES  schemes  have  been  developed  for  environmental  services  such  as  water  regulation,  carbon 
sequestration,  biodiversity  and  culture  conservation,  for  which  there  is  an  increasing  market  demand.  The 
potential for developing markets for watershed services  is a very promising one. Markets for watershed services 




Table 7 show  the  results of  the desk  top survey of SLM/ SWC and SDR approaches with  their  related 
technologies/ practices  in  the  five  countries  (Algeria,  Egypt,  Jordan, Morocco  and  Tunisia).  For more 






Algeria  Egypt  Jordan  Morocco  Tunisia 




















































































































































































































































In  the  region a  shift  towards more  community based and participatory approaches  can be observed, 
particularly  in  Jordan and  in Algeria. However  top down  implementation  is still common  in Egypt and 
Morocco.  On  the  other  hand  innovative  approaches  like  payment  for  ecosystem  services  and 
approaches which  aim  at  research  transfer  are  being  applied  in Morocco.  Although  the  approaches 
found through this survey were mainly at a more local level planning at a watershed and landscape level 
were found in Algeria and Tunisia. These results have to be viewed with caution because they are based 
on a  very  limited  set of  results. To get a  clearer and  ‘less biased’ overview of which approaches are 






While  natural  resources  and  climatic  factors  define  the  possible  farming  systems,  national  and 




arrangements,  and  political  decisions  and  regulations  have  to  be  favorable  for  technological 





drive  sustainable  productivity  growth  and  encourage  better  farming  practices,  including  natural 
resource management. Today,  there  is under‐investment  in agricultural  research and development by 
many drylands countries, which needs to change if they are to have effective food security strategies for 
the  long‐term. Policies must  address  the  root  causes of  land degradation,  low productivity  and  food 
insecurity  and  simultaneously  establish  socially  acceptable  mechanisms  for  encouragement  or 
enforcement. 
According  to  the  IAASTD  study  (2009)  important domains on which government  in  the MENA  region 





formulation  and  for ministry  input  into  budget  preparation,  public  investment  planning,  and 
specific  policies  and  legislation  relating  to  land  use  and  land  reform,  trade,  taxation, market 
activity and competition, rural finance, research and extension (IAASTD 2009; OSS 2006). 
•  integrating/ harmonizing national and regional priorities through policies, strategies, and action 
plans  (Liniger  and  Critchley  2007).  SLM  policies  mainstreamed  into  broader  sectorial  policy 
frameworks. 



















to  its  local  circumstances  and  needs.  Policy  adaptations  may  be  required  at  different  levels  and  in 
various domains but also need to remain to a certain extent flexible and re‐adaptable since agricultural 
development in itself is led by dynamic processes.  
Since  the greatest  land use  is permanent pasture  the primary concern  for governments of  the MENA 
region  is  to  develop  policies  to  check  overgrazing,  a  problem  recognized  by  all.  Developing  water 
resources was thought to spread the burden of livestock over a wider area and reduce overgrazing. For 
land  tenure most  countries established  state ownership of  rangelands with  tribal  rights  to use  these 
rangelands  recognized  (Algeria,  Jordan, Syria, etc.),  collective properties of  tribes  to  the  land  (Tunisia 
and Morocco as early as 1918), privatization of common  land (Tunisia after  its  independence). To help 
herders  reduce  drought  losses,  governments  introduced  drought‐management  policies,  such  as  feed 
subsidies and credit rescheduling (IAASTD 2009). All these measures due to different reasons could not 
























by  default,  to  agriculture.  With  all  water  resources  exhausted,  the  last  policy  of  1997‐2017 
became an ‘allocation’ policy, which meant no more agricultural expansion. 








 Plan Maroc Vert: Morocco’s Green Plan  involves sustainable  intensification, diversification and 
development for marginal lands (SLWM), cultivating olives, cactus and other suitable crops. The 
plan  links  smallholder  farmers  to  lucrative domestic and export markets. With  its  fragmented 
land surface, where the average farm is only 2.1 ha (71% of farms are under 0.5 ha), there is an 
urgent need  to group producers  together  to  increase  their presence on markets and  improve 
quality and processing (IAASTD 2009).  





system,  to support: monitoring and assessment of LD, evaluation of  the  impacts of  the Action 





 Finalization  of  UNCCD‐NAP  in  1998  and  establishment  of:  The  National  Council  to  Combat 
Desertification  (responsible  for  monitoring  and  evaluation  and  coordination  of  actions);  a 
National  Fund  for  Combating  Desertification  and  an  International  Centre  on  Ecotechnology 





Without  security  of  land  tenure, water  rights  and  access  to markets,  land  users  remain  reluctant  to 
invest labour and finances. This needs: 
Improving	land	tenure	and	land	and	water	user’s	rights	is	key		
•  providing  basic  individual  and  collective  security  of  resource  use  (mainly  for  small‐scale  land 
users) 









Land‐tenure  legislation  must  guarantee  long‐term  land‐use 
rights  to owners and  leaseholders  if  land users are expected 
to  invest  in  enhancing  the  productivity  and  long‐term 
conservation  of  land.  Land‐use  planning,  zoning  rules,  and 
management  of  common  lands  require  participatory 
approaches  (community/  tribal  or  watershed  level 
approaches)  to  consider  the  often‐conflicting  interests  of 
different  stakeholders  (IAASTD  2009).  Land  tenure  and  use 
regulations  need  to  be  decentralized  and  tailored  to  local 
conditions  and  find  a  way  to  integrate  the  roles  of  local 
authorities  and  national  administrations.  Water  rights  are 
mainly  communal  and  regulated  in  a  complex  manner. 
Creation of water user groups and associations allow planning 
and  reaching  consensus  on  fair  and  equitable  water 























financial  support  already  for  the  very  basic  agricultural  activities  particularly  under  a  variable  and 




A  survey  was  conducted  in  parts  of  Jordan 
where three range management options were 
introduced:  government  grazing  reserves, 
herder‐driven  cooperatives, and  common use 
rights  to  formerly  tribal  pastures.  The  survey 
results  showed  that  herder‐driven 
cooperatives  were  the  best  option;  they 
reduced household  feed expenditure by 21%. 
State  grazing  reserves  increased  feed 
expenditures  by  30%.  Land  tenure 







•  Subsidies/ direct  incentives: Adoption of new  irrigation water saving techniques are subsidized 
by the government in Egypt, Jordan and Tunisia (IAASTD). Structures, e.g. jessour in Tunisia and 
terraces  in  Morocco,  are  subject  to  deterioration  due  to  missing  financial  support  for 
maintenance and reparations of the structures. In Morocco the government gives subsidies for 
e.g. 100% small‐scale irrigation systems, 50% direct seeders. 
•  Micro‐finance:    Lack of  finance  is often  the key barrier  to  technology adoption by  small‐scale 
farmers.  Poor  households,  lacking  income,  assets  or  access  to  credit,  are  unable  to  invest  in 
improved farming technologies or alternative livelihood options. Micro‐finance, or the provision 
of  small  loans without  collateral,  provides  these  households  the  initial  support  they  need  to 
adopt new options to improve crop/livestock productivity and incomes.  




•  Remittances: provide  cash  that  can be used  to  introduce and promote new  technologies on‐
farm. 
At  best  direct  incentives  /  subsidies  offer  a  step‐up  to 
impoverished  /  ‘financially weak’  land users,  at worst  they 
can  distort  priorities  and  do  great  harm  by  creating 
dependency. According  to  Liniger  and Critchley  (2007)  and 
OSS  (2004) before  considering  the use of direct  incentives, 
alternative  approaches  should  be  explored,  such  as  the 
adaptation of  technologies, or  the  identification of cheaper 
technologies. The possibilities of removing some of the root 
causes  of  land  degradation  (related,  for  example,  to  land 
policy  framework,  land  tenure  security  and market  access) 
also  need  to  be  assessed.  Therefore,  direct  material 
incentives should –  in principle – only be considered where 
there  is  a  need  to  overcome  initial  investment  constraints 
and  subsequent  maintenance  does  not  require  continued 
support,  however  this  may  be  still  needed  where  the 
environmental  improvements  and  social  benefits  are  likely  to  be  realised  only  in  the  long  term. 












providers. Nowadays alternative advisory  systems exist  such as  trained  local promoters, NGO 
Phasing out feed subsidies, Jordan 
 
When  subsidies were  removed,  farmers with 
large  flocks  reduced  their  flock  size  by  18%, 
while  those  with  small  flocks  tended  to 
allocate more  land  to  barley  and  double  the 
herd size. Landless livestock owners tended to 
reduce  livestock  numbers  and  rely  more  on 
off‐farm  activities.  Farmers  who  integrated 
crop  and  livestock  activities  in  a  more 
balanced way were  less affected by the policy 
changes than the other groups. Reduced  feed 
subsidies  led  to  substantially  lower  farm 
revenues.  Total  wealth  decreased  by  14% 
among  livestock  farmers,  9.7%  among 






technical  staff/  experts  civil  society  organisations,  organized  farmer  to  farmer  and 
demonstration plot visits or through the private sector. 
 Training  and  technical  support:  at  professional  level  (education),  subject  specific  trainings 
(workshops and training courses to enhance technical and business/ managerial skills, including 
on use of ITC) or through development projects. 
 Media  and  published material:  such  as mass media  (e.g.  radio,  television,  ITC  (internet  and 
web)),  publications  (books,  papers,  training  material,  instructional  videos)  and  promotion 
material (posters, brochures, etc.) 
 Networks: such as expert networks, peer and family networks, cooperatives and user groups 







 Institutional capacity:  institutions  (national to  local) are often not well equipped  in resources, 
organization  and  capacities  in  key disciplines  to adequately address  the priority needs of  the 
region.  Projects  must,  therefore,  adequately  address  institutional  fragmentation  among 
concerned agencies, through effective mechanisms for coordination and cooperation among the 
stakeholders,  and  capacity  building  activities  covering  both  technical  and  institutional 
strengthening aspects. 
 Agricultural  extension:  very  much  needed  in  the  region  however  governmental  extension 
services are downsized and underfunded and communication strategies are not effective. 
 Agricultural education:  can  take place at different  levels  from university,  colleges  (vocational 
education),  schools,  training centers  to  farmer groups. At  the higher education  level curricula 
need  to  be  adapted  and  reoriented  to  more  practical  training  and  new  teaching  methods 
integrated. Raising awareness or training to become more business orientated / towards small 
entrepreneurship can  improve skills  to  income diversification. Land user capacity building and 





priority  setting  within  a  watershed  or  landscape.  This  also  requires  strengthening  links  with  formal 








The  ‘right’  technical  solution,  an  appropriate  participatory  approach  (partnership)  and  an  all‐round 
enabling environment will  favour adoption and out  scaling of SLM. A  sound knowledge management 






Many practitioners  in  the  field have  limited  access  to  land 
resources  mapping  and  land  use  planning  tools  and  to 
information about effectiveness of traditional and innovative 
SLM  approaches  and  technologies  that  would  enable 
good/best  land  use  and  management  practices  to  be 
adopted,  sustained  and  upscaled.  According  to  a  review 
conducted by WOCAT as part of the preparation of a GEF 
project,  more  than  90  SLM  knowledge  management 
platforms, databases, networks, etc. on SLM and LD were 
found, but the  information  is fragmented and there  is no 
“standard  and  all  comprising  platform”,  but  many 
different  types  and  structures  of  platforms  that 
emphasize or cover different functions and topics.  In any 
event  there  has  been  relatively  little  documentation  and 
evidence  of  the  range  of  benefits  generated  by  SLM 
practices in different farming systems and at different scales, 
which  in  turn  is  essential  to  convince  decision  makers  to 






policy  documents  and  could  include  expert  roster  and  network  database,  e‐learning  materials,  case 




to  the  design  and  implementation,  the  natural  and  human  environment,  the  impact  and  other 
parameters are collected and systematically documented in a database in the public domain. 















Through  the  development,  imple‐
mentation  and  evaluation of  knowledge‐
based  decision  support  systems,  the 
Central Laboratory for Agricultural Expert 
Systems  (CLAES)  is  helping  farmers 









5. Assure  and  facilitate objective  and unbiased monitoring  and  evaluation of  impacts of  SLM  (even 





9. Map  and monitor  areas  under  SLM.  This  can  contribute  to  raising  awareness  of what  has  been 
achieved, justifying further investments and guiding future decision  
 
Monitoring and evaluation  (M&E), especially of  the  technical efficiency and cost‐effectiveness of SLM 
technologies and approaches and their geographic coverage, are weak spots in most projects. Likewise, 
traditional  land  use  systems  and  local  land  management  innovations  are  rarely  documented  and 
assessed for their conservation effectiveness. All too often governments and donors remain unaware of 
experience made  in  SLM, and  fail  to  learn  the  lessons  from past efforts  (Liniger and Critchley 2007). 





evaluation,  for  impact  assessment,  and  to  improve  skills  in  knowledge  management  including  the 
dissemination and use of information. 
The problems of  land degradation are complex and so are  the answers.  Information regarding on‐site 
impacts is rarely quantified, and off‐site impacts are often completely neglected. Other main issues that 
need to be further researched concern short and long‐term costs, benefits and constraints, valuation of 
ecosystem  services,  area  coverage,  and  the  extent  and  effectiveness  of  SLM  (Liniger  and  Critchley, 
2007).  Furthermore  the  question  of  why  SLM  technologies  are  spontaneously  adopted  in  some 
situations,  while  under  other  circumstances  the  same  technologies  spread  very  slowly  needs  to  be 
addressed  by  research.  It  is  therefore  important  to  understand  the  ecological,  social  and  economic 
causes  of  degradation,  to  analyse  what  works  and  why,  and  how  to  modify  and  adapt  particular 
technologies and approaches  to  locally specific circumstances and opportunities. SLM research should 
























































































































































































































































































































































SLM  practices  (‘green’  spots)  could  be  expanded.  It  further  facilitates  judgment  of  whether  to 
rehabilitate, or to prevent land degradation and what the impacts on ecosystem services might be. 




and documentation of  the  identified  locally available  SLM  technologies and approaches  (Part  II); and 















need  to  be  mainstreamed  into  broader  national  and  rural  development  investment  programs  that 
address and support the core functions of national and  local development planning. This requires SLM 
integration  in  national  programmes  and  plans  and  developing  appropriate  SLM  scaling  up  and 
mainstreaming as well as financing strategies at national and decentralised levels. 
The  SLM  scaling  up  and mainstreaming  strategy  aims  at  removing  key  global,  regional  and  national 
barriers to scaling up of SLM through  improved decision support mainly at policy and decision making 















sectors of  the  importance of  investing  in SLM. Making a convincing case  to policy makers  through 













Up‐scaling good/ best practices must be profitable  for users and  local communities, and  technologies 
must be as simple and inexpensive as possible and easily manageable. Without security of land tenure, 
water  rights  and  access  to markets,  land  users  remain  reluctant  to  invest  labour  and  finances.  Cost 
efficiency, including short and long‐term benefits, is another key issue in the adoption of good practices. 
Furthermore,  it  is  important to ensure genuine participation of resource users alongside professionals 









but  to  achieve  ecosystem  impacts  that  can  only  be  realized  on  the  large  scale.  In  this  context  it  is 
important  to  note  that  SLM  covers  all  scales  from  the  field  to  watersheds,  landscapes  and 
transboundary levels (Liniger et al. 2011, OSS 2008).  
Agricultural  innovation  and  research  on  increasing  rainwater  productivity,  yield  gap  reduction  and 
managing risk, technology transfer and capacity building should be strategic priorities. There  is under‐
investment  in  agricultural  research  and  development  by  many  drylands  countries,  which  needs  to 
change if they are to have effective food security strategies for the long‐term. Investments in SLM must 
be  carefully  assessed  and  planned  on  the  basis  of  properly  documented  experiences  and  evaluated 
impacts  and  benefits.  Therefore  concerted  efforts  are  needed  and  sufficient  resources  must  be 
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Olive tree plantations with intercropping
Morocco - Plantations d’olivier avec cultures intercalaires
(Fr), Jnane Zitoune (Ar)
Contour planting of olive trees with crops, legumes and
vegetables intercropping
On gentle slopes of the Sehoul municipality, heavy or prolonged rainfall causes runoff
and erosion on cultivated lands cleared at the beginning of the 20th century. In the last
10 years, in some plots, land users have started to implement contour plantations
separated by intercropping strips with annual crops. Only the immediate tree
surroundings involve harvesting and storing rainwater and runoff. No additional water
harvesting structure has been built. A fence around the plot prevents livestock from
entering.
The economic objective of the technology is to improve income, because cultivation of
cereals only gives low yields (500-600 kg/ha). Olive trees can provide an attractive
yield and can be an alternative to crops especially during drought. As the olive tree is
considered a revered tree, the technology is also beneficial from a social viewpoint.
Environmental objectives include surface protection against erosion as well as the
maintenance and improvement of soil fertility.
To implement the change, a boundary of barbed wire (Chabkka) or cactus to form a
natural hedge is installed in order to prevent livestock intrusion. Plantation work
includes breaking up the soil, digging holes along the contour and planting the trees.
Animal manure and chemical fertilizers are used as inputs. Weeding, pesticide
application and manual watering are required regularly to support tree growth. As a
drip-irrigation technique, watering cans with perforations are left to drop water
continuously until the cans are empty.
The plantations are on a fragile substrate of marl underlying Plio-Quaternary and
loamy-stony deposits with more than 40 cm of fersialitic and sandy soil on low-angled
slopes (<10 %). The climate is Mediterranean with a semi-arid trend. The
socio-economic environment is characterised by a medium-density population (10-50
persons/km2) and scattered homesteads. The traditional production system (cultivation
of cereals and extensive breeding) is dominant, as well as the use of traditional
techniques and practices. Tillage is performed using animal traction.
left: Olive tree plantation, part of the
Sehoul Project of farming development
(Photo: Nadia Machouri)
right: View of the olive tree plantation
with intercropping technology, in
autumn, immediately following
contour tillage activities (Photo: Antari
Elmostafa)
Location: Rabat Salé Zemmour Zaer
Region: Sehoul
Technology area: 0.4 km2
Conservation measure: agronomic,
vegetative
Stage of intervention: prevention of
land degradation
Origin: Developed externally /










Related approach: Development of
rainfed agriculture (A_MOR14e)
Compiled by: Rachida Nafaa,
Université Mohammed V Agdal,
Faculté des Lettres
Date: 2008-09-15
Contact person: Abdellah Elhazziti,
Centre des travaux agricoles
Bouknadel, Route de Kénetra
Bouknadel(CT221) Salé, Tél
+212041274340
    
Classification
Land use problems:
- Irregular rainfall and drought, lack of surface water and depth of the groundwater table are major environmental problems. Excessive runoff
causes gullying in the event of exceptional heavy rainfall. All fields on slopes are subject to soil loss because of sheet erosion, especially in
early autumn, when lands are bare and without a plant cover due to summer grazing. Gully erosion also results from concentrated runoff from
bare ground upslope, especially on steep slopes. There is a lack of support from the authorities and agricultural services and insufficient
knowledge about water conservation. Technologies for surface water harvesting do not exist. (expert's point of view)







subhumid Soil erosion by water: loss of
topsoil / surface erosion
agronomic: Others ()
vegetative: Tree and shrub
cover
Stage of intervention Origin Level of technical knowledge
   Prevention
   Mitigation / Reduction
   Rehabilitation
   Land users initiative
   Experiments / Research
   Externally introduced: recent (<10 years ago)
   Agricultural advisor
   Land user
Main causes of land degradation:
Direct causes - Human induced: crop management (annual, perennial, tree/shrub)
Main technical functions:
- improvement of ground cover
Secondary technical functions:
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Growing season(s): 270 days (October to June)
Soil texture: medium (loam)
Soil fertility: medium
Topsoil organic matter: medium (1-3%)
Soil drainage/infiltration: poor (eg sealing
/crusting)
Soil water storage capacity: medium
Ground water table: 5 - 50 m
Availability of surface water: medium
Water quality: good drinking water
Biodiversity: low
If sensitive, what modifications were made / are possible: Olive trees are tolerant of variations typical of the
Mediterranean, but the yield differs from one year to the next; extremely low temperatures in some winters can make the yield















Land user: Individual / household, Small scale
land users, common / average land users, men
and women
Population density: 10-50 persons/km2
Annual population growth: negative
Land ownership: individual, titled
Land use rights: individual
Water use rights: open access (unorganised)
(small properties due to heritage)
Relative level of wealth: average, which
represents 12% of the land users; 25% of the
total area is owned by average land users
Importance of off-farm income: less than
10% of all income:
Access to service and infrastructure: low:
health, technical assistance, drinking water and
sanitation; moderate: education, roads &
transport
Market orientation: mixed (subsistence and
commercial)
Mechanization: manual labour, animal traction
Livestock grazing on cropland: no
Technical drawing
The spatial arrangement of olive trees planted
symmetrically (at 6m intervals) with
intercropping. The beans grow in the stripes,
and there is a barbed wire fence and cactus
hedge to prevent livestock intrusion. (Larbi
Elktaibi)
Implementation activities, inputs and costs







- Manure burying and holes stopping up
- Plantation
- Soil preparation tillage
Inputs Costs (US$) % met by land
user
Labour  568.00  52%
Equipment   
  - machine use  25.00  2%
  - animal traction  15.00  1%
  - tools  96.00  9%
Agricultural   
  - seedlings  307.00  28%
  - compost/manure  80.00  8%
TOTAL  1091.00  36.39%
Maintenance/recurrent activities Maintenance/recurrent inputs and costs per ha per year
- Early tillage for breaking up the soil
- Sowing of beans
- Harrowing for aeration of the soil and weeding
- Treatment against bean parasites
- Harvest and collection of grains
- Early tillage for soil preparation
- Manure spreading around the olive tree plants
- Pruning of olive trees
- Treatment of olive tree against disease
- Olive harvest
Inputs Costs (US$) % met by land
user
Labour  64.00  22%
Equipment   
  - machine use  50.00  17%
  - animal traction  35.00  12%
Agricultural   
  - seeds  40.00  14%
  - biocides  18.00  6%
  - compost/manure  80.00  28%
TOTAL  287.00  19.46%
Remarks:
Labour and seedlings are the most determining factors affecting the costs.
Costs are calculated on the basis of initial expenses for buying tillage tools and seedlings, and maintenance expenses for
tillage, seedlings buying and fertilizers.
Assessment
Impacts of the Technology
Production and socio-economic benefits Production and socio-economic disadvantages
   increased crop yield
   increased farm income
   reduced fodder production
   grazing land reduction
Socio-cultural benefits Socio-cultural disadvantages
   improved conservation / erosion knowledge    socio cultural conflicts
Ecological benefits Ecological disadvantages
   reduced surface runoff
   reduced wind velocity
   increased soil organic matter / below ground C
   reduced soil loss
   higher soil fertility
   increased soil moisture
   reduced soil crusting / sealing
Off-site benefits Off-site disadvantages
   reduction of siltation in the dam reservoir
   reduction of overland flow and flooding
Contribution to human well-being / livelihoods
   Incomes from the implemented technology are still low because of the low olive and oil production. They are
expected to increase 7 years after plantation.
Benefits /costs according to land user
Benefits compared with costs short-term: long-term:
Establishment negative positive
Maintenance / recurrent slightly negative positive
over the long term, increase in olive production creates great financial resources
Acceptance / adoption:
70% of land user families have implemented the technology with external material support. General agricultural census in
1996
30% of land user families have implemented the technology voluntary. This technology is a new agricultural practice which
becomes more and more interesting for land users.
There is strong trend towards (growing) spontaneous adoption of the technology. This technology is rapidly growing because it
is a promising alternative to combat climatic irregularities and rural poverty.
Concluding statements
Strengths and  how to sustain/improve Weaknesses and  how to overcome
Ecological balance: olive tree plantations allow soil
conservation through reduction of the erosion risks. It also
provides benefits on water resources due to infiltration
improvement  Intensification of olive tree plantations and
support of individual plantation projects, manure and fertilizers
buying and technical supervision
Improvement in socio-economic conditions: olive tree
plantations provide more financial resources for land users,
and provide high added value activities  By promoting
awareness-raising and technical supervision
over the long term, it is a cultivation activity more profitable
than cereals  Promotion of olive tree plantation by subsidies
Olive tree plantations are a less sensitive to irregular rainfalls
than other cultivations  search for drought resistant species
Decrease in breeding activities because of protected areas and
grazing land reduction  Additional fodder supply and
promotion of fodder cultivation and stalling
Insignificant economic benefits provided by the technology
over the short term  Promotion of intercropping to overcome
the period before production begins, and give land users
subsidies for fodder, seeds and fertilizers
Owing to limited water resources, irrigation can be difficult
during a dry year  Support in localized irrigation
implementation (drip system)
conflicts occur because of protected areas  Allowing access
for livestock
Rangelands resting
Tunisia - G'del (Arabic)
This technique is based on the principle of leaving the
rangeland protected (by excluding grazing during 2-3 years)
to allow the plant cover to recover.
To tackle degradation and the negative effects of drought on rangelands, leaving the
rangeland protected for rehabilitation is one of the common practices used for many
decades by local people in arid areas of Tunisia. This technique is based on the
principle of not allowing grazing for a period and thus resting the rangeland so that the
plant cover can recover. The grazing-free period lasts commonly from 2 to 3 years
depending on the ecosystem resilience (its capacity to recover) and climatic conditions.
Owing to the high cost of fencing, an agreement between the administration and users
is achieved regarding the boundaries (generally making use of natural ones such as a
mountain chain, wadi, etc.). Users are totally committed to respect the protection of the
site during the fixed period. In return, they receive a subsidy to compensate for the loss
of production during this period. It is estimated at a quantity of barley equivalent to 70
US $ per hectare per year.
Applied in several types of improved land managements (rangeland improvement,
dunes stabilization, national parks, etc.), this technique gives good results in terms of
regeneration of vegetation in arid and even desert areas of Tunisia. However, the
effectiveness of this technique varies according to several factors which determine the
potential for regeneration of the treated area (rainfall, soil properties, level of
degradation reached, etc.).
The resting period is recommended even in heavily overgrazed sites, but only if the
vegetation still has its resilience capacity (indicated by the presence of some remnants
of key and good range species) so that regeneration is possible. To have a fast,
substantial and convincing impact, this technique should be applied in those
rangelands that still contain relics of good pastoral species and where soil is more or
less covered by sediments which allow good infiltration. These wind deposits are used
as seed bed and act as mulch. In situations of extreme degradation, there is no point in
applying this technique, since in these situations the soil seed stocks are often lacking
and/or the soil has reached a very degraded and shallow state.
left: The rangelands need only to be
protected from grazing to produce an
improved plant cover. (Photo: Ouled
Belgacem A.)
right: Without protection from grazing
the land is overgrazed and vegetation
cover is heavily reduced (Photo: Ouled
Belgacem A.)
Location: Medenine
Region: Béni Khédache - El Athmane
Technology area: 1 - 10 km2
Conservation measure: management
Stage of intervention: mitigation /
reduction of land degradation
Origin: Developed through land user`s
initiative, traditional (>50 years ago)
Land use type:





sustainable water harvesting and soil
conservation in the Jeffara region
(A_TUN001), Dryland watershed
management approach (A_TUN009)
Compiled by: Mongi Ben Zaied, Institut
des Régions Arides (IRA)
Date: 2011-06-23
Contact person: Houcine Khatteli, IRA -
4119 Medenine - Tunisia
    
Classification
Land use problems:
- degradation of plant cover, loss of plant diversity (mainly perennial species), abundance of unpalatable species, soil erosion.
(expert's point of view)
low potential of rangelands, increase in feed costs, (land user's point of view)








management / intensity level
Stage of intervention Origin Level of technical knowledge
   Prevention
   Mitigation / Reduction
   Rehabilitation
   Land users initiative: traditional (>50 years
ago)
   Experiments / Research
   Externally introduced: 10-50 years ago
   Agricultural advisor
   Land user
Main causes of land degradation:
Direct causes - Human induced: overgrazing, other human induced causes, tree and cereal crop expansion, fuel wood
collection
Main technical functions:
- improvement of ground cover
Secondary technical functions:
- increase of biomass (quantity)
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Growing season(s): 240 days (Oct - May)
Soil texture: coarse / light (sandy), medium
(loam)
Soil fertility: very low
Topsoil organic matter: low (<1%)
Soil drainage/infiltration: medium
Soil water storage capacity: low
Ground water table: > 50 m
Availability of surface water: poor / none
Water quality: poor drinking water
Biodiversity: medium
Tolerant of climatic extremes: wind storms / dust storms, floods, droughts / dry spells
Sensitive to climatic extremes: seasonal rainfall increase, seasonal rainfall decrease
















Land user: Individual / household, Small scale
land users, common / average land users,
mainly men
Population density: < 10 persons/km2
Annual population growth: < 0.5%
Land ownership: individual, titled
Land use rights: individual
Water use rights: individual
Relative level of wealth: poor, which
represents 20% of the land users; 20% of the
total area is owned by poor land users
Importance of off-farm income: > 50% of all
income: Off-farm incomes come from migration,
construction works, commerce, tourism sector,
administration or informal activities.
Access to service and infrastructure: low:
employment (eg off-farm), market; moderate:
health, education, technical assistance, energy,
roads & transport, drinking water and sanitation,
financial services
Market orientation: mixed (subsistence and
commercial)
Livestock density: > 100 LU /km2
Technical drawing
Overgrazed (left) and rested (right) rangelands
(M. Ouessar)
Implementation activities, inputs and costs
Establishment activities Establishment inputs and costs per ha
- Agreement between the rangelands users and the
National office of livestock and pasture (OEP)
- Identification and delimitation of the rangelands to be
left fallow.
Inputs Costs (US$) % met by land
user
Other   
  - delimitation rested rangelands  50.00  50%
  - subsidies (animal feed barely)  30.00  0%
TOTAL  80.00  31.25%
Maintenance/recurrent activities Maintenance/recurrent inputs and costs per ha per year
- Provide subsidies for the owners
- The owner has to guard the rested rangelands
(otherwise subsidies can be suspended).
Inputs Costs (US$) % met by land
user
Other   
  - subsidies (animal feed barely)  70.00  0%
TOTAL  70.00  0.00%
Remarks:
The subsidies (barely) are fully provided by the government in the framework of the national strategy.
Assessment
Impacts of the Technology
Production and socio-economic benefits Production and socio-economic disadvantages
   increased fodder production
   increased fodder quality
   increased animal production
   increased farm income
   loss of land
Socio-cultural benefits Socio-cultural disadvantages
   national institution strengthening
   conflict mitigation
   improved conservation / erosion knowledge
   improved food security / self sufficiency
Ecological benefits Ecological disadvantages
   improved soil cover
   increased biomass above ground C
   increased plant diversity
   reduced soil loss
   increased soil organic matter / below ground C
Off-site benefits Off-site disadvantages
   reduced downstream flooding
   reduced wind transported sediments
   reduced damage on public / private infrastructure
Contribution to human well-being / livelihoods
   Combat the rural exodus and improve the income of agriculture (20%)
Benefits /costs according to land user
Benefits compared with costs short-term: long-term:
Establishment positive very positive
Maintenance / recurrent positive very positive
Acceptance / adoption:
98% of land user families have implemented the technology with external material support.
2% of land user families have implemented the technology voluntary.
There is moderate trend towards (growing) spontaneous adoption of the technology.
Concluding statements
Strengths and  how to sustain/improve Weaknesses and  how to overcome
Traditional technology - not expensive  by the participation
of the land user's
Reduce the costs of supplementation of livestock  subsidies
of the goverment
Heavily based on government subsidies  alternative feed,
rangeland seeding, etc.
Limitation of the grazing area  subsidies from the
government and/or reduce animal numbers.








SWC Approach: Applied research and knowledge transfer, Morocco WOCAT 2007 73
Innovative, cross-disciplinary community-based approach for development
and transfer of no-till technology at the farm level.
After 15 years of on-station research at the National Institute of Agricultural
Research (INRA), testing and evaluation of no-till technology (NTT) at farm level
started in 1997 with three pilot farmers. Recently two new projects were estab-
lished to promote the introduction and adoption of NTT, in collaboration with the
regional council and extension service of the Ministry of Agriculture (MoA).
Fourteen pilot farmers are now involved in NTT. 
The overall purpose is to promote no-till technology to restore soils, improve
production, mitigate drought, increase wealth and strengthen farmers’ organi-
sations. NTT has been shown to be socially, economically and ecologically adapted
to the local conditions. The approach has three stages: (1) Initiation: this includes
basic research, strategic research and applied research; (2) Consolidation: plan-
ning is followed by detailed evaluation of technology adoption on farmers’ fields;
(3) Maturity: this involves the acceptance/spread of NTT with an increased number
of farmers in the future.
INRA carries out research, information dissemination, gives training to tech-
nicians and farmers, and provides both technical assistance and monitoring. The
regional council was convinced by the technology and now financially supports
research activities, drill manufacture and extension of NTT. It also facilitates 
contacts with decision makers and farmers, and carries out evaluations. MoA
development and extension services provide financial support, advice, technical
assistance, and logistical support to farmers: they help to make the drills available.
NGOs are engaged in the development of local/regional networks and farmers’
associations, as well as in funding and providing incentives. Farmers themselves
are involved in the implementation, evaluation and dissemination of NTT. 
Participation, cross-discipline and bottom-up planning are key elements of the
approach. Methods for implementation include long-term community on-farm 
trials, on-site training and information exchange, participation of stakeholders,
information dissemination tools, and multi-directional knowledge flow. These are
supplemented by intensive measurement/monitoring schemes, establishment of





Location: Settat, Khourigba and Benslimane
Provinces Chaouia/Ouardigha, Morocco
Approach area: 16,760 km2
Land use: cropland
Climate: semi-arid, subhumid
WOCAT database reference: QA MOR10
Related technology: No-till technology,
QT MOR10
Compiled by: Rachid Mrabet, INRA, Settat,
Morocco
Date: April 2003, updated June 2004
Editors’ comments: This is a unique approach
within Morocco, developed by INRA (National
Institute of Agricultural Research) in that it
integrates several institutions and stakeholders
(research institute, government extension 
service, manufacturers, NGOs, community and
farmers) at different levels. It is specifically
designed for the promotion of no-till farming.
left: No-till field day in Benahmed region.
The sign says: ‘trial with barley, direct seeding’.
(Ait Lhaj A.)
right: Barley samples from on-farm plots at
Khourigba, showing improved growth under
no-till technology compared with conventional
farming. (Ait Lhaj A.)
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74 WOCAT  where the land is greener
Land users SWC specialists/ Politicians/
extensionists decision makers
Problem, objectives and constraints
Problem
- previous absence of an integrated research and extension programme
- lack of technical options in a harsh and risky environment
- underlying problems of land degradation and drought periods
Objectives
- spread the no-till technology: thereby enhancing soil productivity and reducing susceptibility to land degradation
- develop the production of no-till drill machinery
- generally: to ameliorate the living conditions of rural people through enhancing expertise, capacities and knowledge of
farmers in managing their soils and crops
Constraints addressed 
Major Specification Treatment
Technical Lack of adapted machinery. Promotion of no-till drill industry in Morocco.
Institutional Extension services are not well incorporated in the approach Special training programme, changing institutional thinking
due to lack of knowledge/information on no-till. regarding no-till systems.
Financial Lack of specific funds, credit, loans for investment in new Prioritise funds for no-till development.
machinery.
Social/cultural/religious Over-reliance on traditions in soil management; attitudes Training, video conferences, travelling workshops etc.
of farmers towards conventional tillage need challenging 
through information about alternatives.
Minor Specification Treatment
Legal Lack of SWC-related laws. Recommendations on laws to cover SWC technologies.
Legal Small field sizes. Encouragement of collaboration between farmers to establish 
‘economies of scale’ (per unit input of labour/machinery 
a larger area can be treated than in conventional farming).
Participation and decision making
Target groups Approach costs met by:
National government: INRA/Ministry of Agriculture 80%
Community/local: regional council 20%
100%
Decisions on choice of the technology: Mainly made by SWC specialists, supported by politicians, with the consultation
of land users. Recognition of no-till as an appropriate technology by decision-makers at local, regional and national level is
due to research results as well as to the international call to promote this technology.
Decisions on method of implementing the technology: Mainly made by SWC specialists with consultation of land users; 
no-till technology was under research and on-farm trials (3 farmers) and showed very marked benefits, particularly during
drought years.
Approach designed by: National specialists.
Community involvement
Phase Involvement Activities
Initiation passive open days (public meetings, workshops)
Planning payments/incentives public meetings, workshops
Implementation payments/incentives responsibility for minor steps, also casual labour
Monitoring/evaluation payments/incentives field observations, interviews, measurements, public meetings, workshops
Research interactive on-farm demonstration plots
Differences in participation of men and women: There are no differences. Both men and women participate.
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Extension and promotion
Training: Training is provided in the no-till system, including weed control, machinery use, cropping systems, and crop 
varieties. The following methods are used: on-the-job training, demonstration areas, and also public meetings. The effec-
tiveness of training on land users, planners and politicians has been ‘good’, on trainers/extensionists it is ‘excellent‘.
Extension: The two key elements are as follows: (1) participation of extension agents and farmers (observations on the crop,
weeds, disease, seeding condition, yield components); (2) training/open days (field days) to allow farmers and extension staff
to discuss no-till technology. Extension and awareness raising have had a good impact on land users, but extension continu-
ation through government is inadequate as yet. Extension agents need to be further trained.
Research: Research on technology, ecological and agronomic aspects were carried out by INRA in collaboration with pilot
farmers. Topics were as follows: crop performance, soil analysis, no-till drill design and evaluation, and socio-economic anal-
ysis of NTT. Research is an essential part of the project, and its impact has been, and continues to be, great.
Importance of land use rights: Small field size requires collaboration between farmers for the use of the no-till drill and
other equipment. It is important to share the costs of drills.
Incentives
Labour: Labour inputs by the farmers are not reimbursed.
Inputs: Drills, seeds, fertilizers and biocides have been provided and fully financed by the project. The Government (MoA)
has purchased drills for pilot farmers in order to encourage implementation of NTT. This is to help farmers to understand the
benefits of no-till systems, but also to encourage them to purchase their own no-till drills in the future.
Credit: To promote the acceptance of the technology, farmers receive a 50% subsidy on the purchase price of the no-till drill
(as is the general case for all types of drills).
Support to local institutions: Moderate support: both financial and in terms of training.
Long-term impact of incentives: Once no-till is adopted by the farmers the ecological effects of NTT (increase in crop pro-
duction and soil quality changes) will last and incentives can be reduced. However with direct incentives there is some risk



























Stakeholders and their roles:
cross-disciplinary linkages between
INRA, collaborating institutions 
and farmers.
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Monitoring and evaluation
Monitored aspects Methods and indicators
Bio-physical regular measurements of soil properties, soil water content, weeds, disease, insects, production (straw and grain 
yield)
Technical regular measurements of drill performance (seeding depth, plant vigour, fertilizer banding depth, roughness,
residue management), energy (fuel consumption, traction needs, speed of seeding), inputs, herbicide application 
(rate, distribution, amount of water needed, efficacy on weeds, toxicity on crops), harvest (straw and grain yields,
stubble, yield components, seed quality, seed health)
Socio-cultural ad hoc evaluation of farmers’ observations and constraints, labour (household/off-farm) and traditional farming 
(type, tools, crop management skills, soil management knowledge, level of education and technical knowledge)
Economic/production regular measurements of use of agricultural inputs , energy consumption, yield, labour 
Area treated ad hoc measurements
No. of land users involved regular assessment
Management of approach ad hoc observations: during field days and seminars the remarks, comments and suggestions of farmers regarding 
the no-till system are discussed
Impacts of the approach
Changes as result of monitoring and evaluation: The evaluation is still in process: thus too early to state what changes
are likely.
Improved soil and water management: Better use of the rainwater stored in the soil by crops leads to improvement of
soil and water management: increase in soil organic matter has multiple benefits.
Adoption of the approach by other projects/land users: This no-till system can now be considered for several different
agroecological situations where a similar approach can be applied.
Sustainability: Progress can continue to be made, assuming that training, subsidised drills, and the creation of farmers’
organisations all persist.
Concluding statements
Strengths and ➜ how to sustain/improve
The NTT project has integrated several institutions -which is unique in
Morocco. Now research, extension, community and farmers are working
together towards the same objective ➜ Further develop, refine and 
spread NTT.
Progressive implementation of a ‘bottom-up’ approach; integration 
of farmers' decisions, opinions and criticisms ➜ Further involve farmers
and farmers’ associations in all stages of the process.
Cross-discipline: involving land users, research and extension agents 
has helped in building up an approach suitable for the local conditions.
NGO development: the association of NTT farmers and environmental
clubs are important for spreading NTT and for re-enforcing the impor-
tance of NTT amongst government officers and decision makers ➜
Encourage special NGOs to respect soils, nature, and the environment.
Incentives make it possible for land users to experiment with a new 
cultivation system ➜ Diversification of incentives: eg reduction in seed 
prices and herbicides for NTT farmers; award ‘NTT best producers’; re-
duction in interest rates for NTT farmers (for credits or loans); special NTT
training courses.
Adaptability to farmers’ needs and constraints ➜ Improve integration 
of livestock and crops.
Key reference(s): Segry L, Bousinac S and Pieri C (1991) An approach to the development of sustainable farming systems. World Technical Paper N-2.
IBSRAM Proceedings 1991 Wall et al (2002) Institutional aspects of conservation agriculture. International Workshop on Conservation Agriculture
for Sustainable Wheat Production, 14-18, October 2002, Tashkent, Uzbekistan
Contact person(s): Rachid Mrabet, INRA Institut National de la Recherche Agronomique, Centre Aridoculture, 26000 Settat, PO Box 589, Morocco;
phone ++212 23 729300/01/02/03, fax ++212 23 720927; rachidmrabet@yahoo.co.uk
Weaknesses and ➜ how to overcome
The programme’s duration is currently too short to overcome resistance
(to new technology adoption) and to address economic constraints 
of farmers ➜ A long term programme is needed to increase acceptance
among farmers.
Direct incentives: there is always a risk that when eliminating these
incentives, farmers will abandon NTT ➜ Eliminate incentives gradually
and replace with loans and credits.
Information availability: up to now information and communication on
NTT is scarce ➜ Intensify training.
In some situations (farmers with very low incomes), the need for external
inputs such as herbicides, seeds, fertilizers and drills may retard imple-
mentation of NTT ➜ Incentives should be maintained for a short period
and supplemented by credit systems.





Dryland watershed management approach
 
Tunisia 
Above left: Stakeholders discussing in the field 
various aspects of SLM approach. (Photo: 
Cyprien Hauser). 
Above right: The system is based on various 
runoff water harvesting systems, as jessour, 



















Location: Oum Zessar Watershed, South-east 
of Tunisia 
Approach area: 350 km2 
Type of Approach: recent initiative / innovative
Focus: on conservation only 
WOCAT database reference: QA TUN09 on 
cdewocat.unibe.ch/wocatQA 
DESIRE site information: www.desire-
his.eu/en/zeuss-koutine-tunisia 
Related technologies: Rangeland resting (QT 
TUN11), Gabion check dams (QT TUN10), 
Jessour (QT TUN09) 
Compiled by: Mongi Sghaier, Mohamed 
Ouessar, Mongi Ben Zaied, Naceur Mahdi, IRA, 
Tunisia 
Date: 9th Jun 2009, updated Sep 2011 
 
 
Integrated land and water management approach, including vegetative, 
management, and agronomic measures. 
 
Aim / objectives: The overall purpose of the approach is to prevent soil and water loss 
by combined measures and to provide a better environment. Soil and water 
conservation (SWC) technologies, based on harvesting area of surface water and 
underground water, are implemented to conserve soil and water and to improve the 
production and the biodiversity. 
 
Methods: This approach is designed for the exploitation of water runoff for agricultural 
development, particularly for fruit trees cropping (mainly olives). This can be achieved 
through erosion reduction and aquifer recharge via runoff water infiltration into the 
terraces, slope angle and length reduction, runoff retaining, infiltration increase and 
soil loss reduction.  
The system is based on various runoff water harvesting systems, as jessour, tabias. It 
is marked by fruit tree development, notably olives. On the terraces, the fruit trees are 
arranged in inter-rows with the three main species encountered in the study areas. 
Generally, olive trees are planted, with in between rows almonds and/ or fig trees.  
SWC technologies play an importance role in arid zones. Since the 1970s, the 
Tunisian state has encouraged the local population to conserve water and soil in arid 
zone. Successive programmes and strategies of water and soil conservation have 
been developed and were implemented in all three natural regions of Tunisia (North, 
Centre and South).These techniques can be implemented by farmer with 
governmental subsidies or by government intervention in the projects and 
programmes of water and soil conservation. During the last decade, the Tunisian 
government implemented the first national strategy for soil and water conservation 
(1990-2000) and the second national strategy for soil and water conservation (2001-
2011). These strategies mobilized important funds at national and regional levels. 
About 672.5 ha of SWC technologies were built and about 550 ha of SWC 
technologies are planned for the second national strategy. 
 
Stages of implementation: 1) Assessment of the current natural resources and socio-
economic conditions; 2) Proposition of actions at local and regional level; 3) 
Aggregation and coherence at the national level; 4) implementation of national action 
plan at local and regional level. 
 
Role of stakeholders: Different levels of intervention are observed from the individual 
farm, through the community level, the extension / advisory system, the regional or 
national administration, or the policy level, to the international framework. The 
participative approach is usually applied in the construction of SWC technologies. 
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 Constraints addressed 
 Constraints Treatments 
 Financial  High cost investment Public projects (National strategy of SWC), 
subsidies 
 Institutional Land fragmentation, complexity of land tenure Users organization, participation 
 Technical Designing parameters Training , enhancing SWC specialists guidance 
 
 Participation and decision making 














   International                                                   20% 
Government                                                   55% 
Local community / land user(s)                      20% 
National non-government                                5% 
 
Total                                                             100% 
 
 
Total budget: US$ 10,000 - 100,000 
 Decisions on choice of the Technology (ies): mainly by land users supported by SLM specialists 
 Decisions on method of implementing the Technology(ies): mainly by SLM specialists with consultation of land users 
 Approach designed by: national specialists, international specialists, land users 
 Implementing bodies: government, local community / land users 
 Land user involvement 
 Phase Involvement Activities 
 Initiation/motivation Interactive  
Farmers and local population are very familiar with traditional SWC applied. Therefore the 
receptiveness to these techniques is very high. There is state encouragement through 
subsidies.  
 Planning Interactive  Workshops/seminars; After a programme is granted, the implementing agency and local communities work together. 
 Implementation Payment/external support  
Responsibilities are divided into major steps; In practice, local communities are the major part 
to manage and carry out. 
 Monitoring/evaluation Interactive  Participative evaluation; Interviews/questionnaires. 
 Research Interactive  It can give some suggestions or questionnaires. 
 
Differences between participation of men and women: These are moderate. Special attention has been paid to make women 
participate in the approach. Nevertheless, men have much more technical knowledge and skills than women. 
If SWC technologies have to be constructed by manual labour, men can achieve more. 
Involvement of disadvantaged groups: Yes, great 
Poor and old people are especially involved through their participation in the special programme against unemployment in rural area. 
Some unemployed young people may benefit from agricultural development programmes. 
 
 Problem, objectives and constraints 
 Problems: The problems originate in the scarcity of water which is leading to conflicts over resource use between farmers. 
  Oversized techniques leading to prevention of runoff from upstream to downstream reduce agricultural production and therefore the farm 
 income, which causes a lack of cash to invest in SLM. In some cases irreversible land degradation is the result. The problems are mainly 
 related to the lack of technical knowledge, the high costs of investment and the lack of tangible and assessable impacts of SWC 
 activities, technically or socially. 
 
 Aims / Objectives: The objectives of the approach are to control soil and water loss to reduce floods and enhance fertility, to 
 enhance rainfed agriculture productivity, to improve the livelihoods of farmers, to contribute to the production increase among 
 farmers and pastoralists, to recharge the groundwater and to extend the area of cropland. 





The treatment of the catchment starts 
from the upstream and continues to 
piedmont areas, and ends in the 
downstream section of the catchment. 
Attention should be given to ensure 
sufficient water allocation to all the 
sections of the catchment as well as to 
the different users (rainfed agriculture 
and rangelands, irrigated areas, 
drinking water, industry and tourism).  
(Drawing: Patricia Home, in  Genin 
D., Guillaume H., Ouessar M., Ouled 
Belgacem A., Romagny B., Sghaier 
M., Taamallah H. (Eds.), 2003: Entre 
Désertification et Développement: la 




Training / awareness raising: Training was provided for land users and field staff/agricultural advisors. The capacity building 
programme and activities have benefited farmers representing the diversity of land users (women and men); representatives of NGO; 
local and external stakeholders, engineers and technicians responsible of the services of agriculture and forest. Training focused on 
teaching them how to design and build SWC technologies, how to implement these technologies and about the participatory approach.  
Advisory service: 1) Training and demonstration open days; 2) Demonstration plots implemented in private farms; 3) Target farmers 
groups are visited by specialist to help and advise them. 
The extension system is adequate to ensure continuation of activities. At each governorate level, there is a SWC division which is in 
charge of SWC activities, including its extension. 
Research: There has been good use of research results. Topics covered include technologies and approaches. Mostly on station and 
on-farm research. Land users have been involved. SWC technologies construction is based on scientific design, according to local 
conditions. 
 
External material support / subsidies 
 
Contribution per area (state/private sector): Yes, construction material
Labour: Voluntary, rewarded with in-kind support by government subsidies 
Input: Machinery equipment and construction material (stone) was partly financed, fertilizer was not financed. 
Credit: Credit was promoted through agricultural banks with various interest rates, usually lower than market rates 
Support to local institutions: moderate support with financial resources, capacity building, training, institutional support.  
The financial schema is made of three main components: self-financing from farmers and beneficiaries, subsidies from the government 




 Monitored aspects Methods and indicators 
 bio-physical Ad hoc measurements by project staff – Indicators are runoff loss, sediment load, soil moisture 
 socio-cultural Ad hoc observations by project staff – Investigation of land users perceptions of cultural change 
 economic / production Ad hoc measurements by project staff - investigation/ of yield, income of land users, rainfed productivity 
 area treated Ad hoc measurements by government  
 management of Approach Ad hoc measurements by government - Impact assessment 
 
  Changes as result of monitoring and evaluation: There were few changes in the approach for local adaptation, for example at the 
  institutional level. 
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Impacts of the Approach 
 
Improved sustainable land management: Yes, moderate. Land users can harvest water and irrigate crops in dry seasons. 
Meanwhile, the cropland area is enlarged. 
Adoption by other land users / projects: Yes, many. 
Improved livelihoods / human well-being: Yes, there is considerable improvement, because of increased farm income. 
Improved situation of disadvantaged groups: Yes, considerable; for disadvantaged women and men, there are employment 
opportunities and food self-sufficiency. 
Poverty alleviation: Yes, considerable; this approach increases the farm income, the food self-sufficiency and employment 
opportunities 
Training, advisory service and research: 
 
Training effectiveness 
Land users - good 
SLM specialists - good 
Politicians / decision makers –good 
 
Advisory service effectiveness 
Land users - good 
Politicians / decision makers - good 
 
Training was effective for all target groups. The land users accept the approach when they get the real benefit. The decision makers 
accept the approach when they realize that the approach can produce combined social, economic and ecological benefits. 
 
Land/water use rights: The approach helped in the privatization of the land and has therefore greatly reduced the land/water use 
rights problems. This in turn has rendered the local interventions much more efficient. 
Long-term impact of subsidies: As more and more payment is currently being made to land users on the basis of the area treated, 
land users rely more and more on being paid for investments into SWC. The willingness to invest in SWC measures without 
receiving financial support has decreased. Thus the use of incentives in the current approach is considered to have a negative long-
term impact. 
Main motivation of land users to implement: Increased profit(ability), improve cost-benefit-ratio by increasing farm income, 
production by increasing yield and food self-sufficiency, payments / subsidies by investing in SWC technologies, well-being and 
livelihoods improvement by more employment opportunities. 
SLM: Sustainability of activities: It is uncertain whether the land users will be able to sustain the approach activities. 
 Concluding statements 
 
 Strengths and how to sustain/improve Weaknesses and how to overcome 
 Many people involved and trained at different levels (pyramid 
 system)  participatory approach 
 More participation and involvement of local population  
 Improve participatory approach and increase confidence 
 between partners 
 Improvement of livelihood  spreading and improvement of a 
 more holistic SLM approach focusing on livelihoods 
 Reduction of soil erosion  ensure the durability of the works 
 implemented 
 
High costs: farmers depend on external support from the 
government; they are not willing to invest their labour without 
payments  New approach should give farmers loans for 
construction as now they use machines to do the work. In addition, 
search for cheaper SWC technologies and for improving the 
benefits. 
Less confidence between partners and less participation  
improve dialog and communication; improve efficiency of SWC 
activities and participatory approach. 
Low impact on livelihood conditions  improve efficiency of SWC 
activities and participatory approach 
Abandonment of the works, less maintenance  Continue to 
support farmers and local institution and organisation. Repairing 
and maintaining in time. 
 
Key reference(s): Genin D., Guillaume H., Ouessar M., Ouled Belgacem A., Romagny B., Sghaier M., Taamallah H. (Eds) 2006. Entre la désertification et le 
développement : la Jeffara tunisienne. CERES, Tunis; de Graaff J. & Ouessar M. (Eds.) 2002. Water harvesting in Mediterranean zones: an impact assessment 
and economic evaluation. TRMP paper n° 40, Wageningen University, The Netherlands 
Contact person(s): Sghaier Mongi (sghaier.mon@gmail.com), Ouessar Mohamed (Med.Ouessar@ira.agrinet.tn), Institut des Régions Arides, 4119 Medenine, 
Tunisia 
